. Experimental conditions for Ga NP syntheses with variable DOA amount (see Figure  S1A ).
# ODE, ml
Ga 2 (NMe 2 ) 6 , mg Table S2 . Experimental conditions for Ga NP syntheses with variable growth time (see Figure S1B ).
Ga 2 (NMe 2 ) 6 , mg Table S3 . Ga NP syntheses with various differences between the injection and growth temperatures (see Figure S3 ). Figure S5 ). Table S5 . Experimental conditions for Ga NP syntheses with variable DOA-to-Ga molar ratios (see Figure S6 ). Figure S7 . Overview SEM picture of a monolayer of Ga NPs on silicon substrate. Figure S8 . Relationship between the size/size-distribution and the amount of added di-ndodecylamine (HNDodec 2 ). Growth time was 1 minute. Table S6 . Experimental conditions for Ga NP syntheses with variable amounts of di-n-dodecylamine in the reaction mixture (see Figure S8 ). Discussion. The precursor, Ga 2 (NMe 2 ) 6 , contains square planar conformation of two Ga and two N-bridging atoms. There are two short Ga-N bonds, 1.878 Å and 1.900 Å and two longer Ga-N bonds, 2.049 Å and 2.056 Å, between Ga and the bridging nitrogen atoms and the Ga-Ga distance is 2.957 Å, as shown in Figure S11a .
To get an insight into the possible mechanism of the Ga NP formation, we studied the thermal behavior via molecular dynamics simulations at different temperatures for the Ga 2 (NMe 2 ) 6 precursor, DOA ligand, and ODE solvent, first as single isolated molecules and then as combined systems. In particular, we considered the isolated Ga 2 (NMe 2 ) 6 , the system formed by one molecule of Ga 2 (NMe 2 ) 6 plus one and two DOA molecules and one Ga 2 (NMe 2 ) 6 plus one DOA and one ODE molecules. The molecular dynamics simulations at different temperatures (200 °C, 250 °C, 280 °C, 300 °C, 327 °C) of an isolated Ga 2 (NMe 2 ) 6 showed that the thermal decomposition occurs at temperature higher than 200 °C. In fact, at 200 °C the stretching modes of C-H and C-N bonds as well the rotation of the methyl groups along the axis passing through the C-N bonds are activated but the bonds are not broken. The Ga-N(bridging) bonds enlarge up to 2.25 Å. With increasing the temperature the Ga-N(bridging) bonds become loose and the dimer opens. In particular, at 250 °C the two successive C-H S10 bond cleavages on the same methyl group not only open the dimer but also make possible the formation of a Ga-C bond, while the two released hydrogen atoms can form molecular hydrogen, as shown in Figure S11b .
That configuration represents, in fact, a transition state from the Ga 2 (NMe 2 ) 6 dimer ground-state to a completely open configuration in which the Ga-N bonds are broken. The C-bridging configuration is also observed at higher temperatures, in particular at 300 °C at which the Ga-N and N-C bonds are more activated and the NMe 2 -groups undergo fragmentation and the Ga atoms, getting closer, can start to cluster. Definitely at higher temperatures such as 327 °C Ga 2 (NMe 2 ) 6 proceeds to a complete thermal decomposition: the methyl groups losing the hydrogen atoms can recombine to form acetylene molecules, while the hydrogen atoms can form molecular hydrogen. Clearly, the isolated Ga 2 (NMe 2 ) 6 cannot provide a complete rationale for understanding the experimental mechanism of reaction, because the ligand and the solvent do participate in the overall reaction. In fact, as the reaction mixture contains an excess of them over the precursor, the molecular dynamics simulations can provide a better insight if they are explicitly considered in the molecular dynamics simulations. The system formed by Ga 2 (NMe 2 ) 6 dimer plus one DOA molecule at 280 °C showed that the C-H bond cleavage on the octyl group in DOA and on the methyl group in Ga-DMA leads to the formation of a branched amino ligand to one Ga atom, as shown in Figure S11c . The system formed by Ga 2 (NMe 2 ) 6 plus two DOA can mimic the case in which the dimer is diluted and surrounded by DOA only. The molecular dynamics of such a system at T =280 °C showed the C-H bond cleavage on one of four octyl groups as the first decomposition step. Then the C(5)-H is followed by the C(6)-H bond cleavage on the second DOA molecule and C-H bond cleavage on the nearest methyl group on Ga 2 (NMe 2 ) 6 . The Ga-N(bridging) bond lengths get larger (2.26 Å and 2.15 Å) and the Ga-Ga distance shorter (2.89 Å). Molecular hydrogen can be formed.
Successive C-H bond cleavages occur on the octyl group closer to the methyl group from which H atoms have been released: C(2)-H, C(4)-H, C(5)-H and C(6)-H, as shown in Figure S 11d . The molecular dynamics at 280 °C of the system formed by Ga 2 (NMe 2 ) 6 surrounded by one DOA and one ODE molecules showed that the first C-H bond to be activated and eventually broken is on the octyl ligand. In fact, the C(5)-H bond on one of the octyl ligands is broken, followed by the C-H bond cleavage on the nearest methyl group on the Ga-DMA.
The hydrogen released from the methyl group finally binds to the nearest nitrogen atom forming a DMA molecule. The Ga-N bond lengths enlarged. Even in its drastic simplification the molecular dynamics of such a system points out to a reduced reactivity of Ga 2 (NMe 2 ) 6 when it is surrounded by one DOA and one ODE. Table S7 . Best fit parameters (bond distances, R, and pseudo Debye Waller factors, σ 2 ) for the EXAFS spectrum taken at 298 K ( Figure S18 ). S 0 2 is the amplitude reduction factor, ΔE 0 is an energy shift between model and data, x is a contribution of oxide phase to the spectrum.
Scattering path
Coordination number R, Å σ 2 , Å 2 Ga structure Ga-Ga 1 2.38 ± 0.02 0.014 ± 0.003 Ga-Ga 6 2.633 ± 0.007 0.018 ± 0.001 Ga-Ga 8 4.02 ± 0.02 0.021 ± 0.003 Ga-Ga 9 4.25 ± 0.02 0.019 ± 0.003 Ga 2 O 3 structure Ga-O 5 1.863 ± 0.005 0.0001 ± 0.0006 Ga-Ga 11 3.343 ± 0.009 0.007 ± 0.001 Ga-O 10 3.52 ± 0.05 0.009 ± 0.007 S 0 2 = 0.94 ± 0.04 ΔE 0 (Ga) = -2.0 ± 0.7 eV ΔE 0 (Ga 2 O 3 ) = 2.4 ± 0.7 eV x = 0.172 ± 0.009 R-factor for this data set is 0.02268 Figure S19 . Radial distribution functions (magnitude and imaginary part, black) and a best fit (gray) of EXAFS spectra for 24 nm Ga nanoparticles collected at the Ga K-edge during the cooling-heating scan over the temperature range of 98-298 K. Table S8 . Best fit parameters for the EXAFS spectra taken on Ga K-edge during the cooling-heating scan over the temperature range of 98-298 K (Figures S19). The fraction of oxide, x, is kept fixed to 0.172 as determined at room temperature (Table S7) Figure S21 . Raman spectra (Thermo Fisher DXR Raman microscope, 455 nm laser for excitation) for Ga NPs and reference samples of bulk Ga and -Ga 2 O 3 .
